Abstract The present study evaluated the plausible role of circulating biomarkers in immune pathogenesis of chronic hepatitis considered a priority in clinical hepatology. Total viral load of chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) patients was quantified and correlation studies were performed with circulating levels of Th1/Th2 cytokines; C reactive protein and circulating nucleosomes; glutathione reductase (GR) and superoxide dismutase. To our knowledge, the study is first among its kind that validates strong positive correlation of viral load with IL-4, IL-6, GR in HBV and IL-6, IL-10, GR in HCV infections. Although, multi-centric studies including large cohorts are required for translating our findings to clinical practice, however, role of these biomarkers with potential diagnostic or prognostic significance might be helpful in clinical assessment of high-risk individuals, thereby, designing interventional strategies, towards development of personalized medicare. The results of our study also offer valuable insights of immune signaling mediators engaged in development of hepatocellular carcinoma.
Introduction
Although enormous strides in prevention and control of hepatitis have been done in the past years, it still remains as a serious global problem due to its high morbidity and mortality rate worldwide. Among its viral constituents, hepatitis B virus (HBV) with two billion infected people and 500,000-700,000 deaths each year [1, 2] and hepatitis C virus (HCV) having an estimated 130 million infected persons which accounts for 23% cirrhosis and 25% of hepato-cellular carcinoma (HCC) worldwide [3] , are the two main etiological agents. One of the foremost characteristic feature of these viral infections is that majority of the total affected population becomes chronically infected i.e., life long infections. The exact mechanism resulting in such a high chronic transformation still to be revealed, however, inability of host immune system to eliminate the organism is considered as an important cause of such persistent form of infection [4, 5] .
The host response to hepatitis involves various components of the immune system, including T-lymphocyte immuno-regulatory cytokines which have distinct role in the outcome of the disease. While Th1 cytokine profile suggests a cell-mediated immunity and is associated with recovery [6] , Th2 cytokine response takes place in development of persistent lifelong infection [7] . Thus, it can be stated that the imbalance of pro-inflammatory Th1 and anti-inflammatory Th2 cytokine production may play an important role in the pathogenesis of viral hepatic infections. Moreover, chronic inflammatory response involving inflammatory cytokines has been reported to be associated with liver injury. These cytokines recruit inflammatory cells, promote fibrogenesis and further activate oxidative burst [8] . Preliminary studies have also documented the role of pro-inflammatory cytokines and/or by a specific effect of HCV core protein in provoking oxidative DNA damage. This damage is further associated with an imbalance between apoptosis and cyto-proliferation and in the activation of the basic mechanisms of HCC [9] [10] [11] . Although, it is well known that reactive oxygen species (ROS) induction lies at the center of a complex network of tissue and inflammatory responses involving the expression of cytokines, growth factors and oncogenes, this network has not been thoroughly investigated in HBV/HCV-related liver diseases.
In addition, viral load in chronic hepatitis is considered as a strong predictor for the disease progression [12] , yet, it is unclear whether there is any link between the increasing viral loads with the other circulating biomarkers. The aim of the work reported herein was to evaluate circulating biomarkers in patients with chronic HBV/HCV infections and their possible role in the pathogenesis of the disease. Initially, quantitative estimation of viral nucleic acid through COBAS Amplicor was done and later on, these results were correlated with the secreted levels of Th1/Th2 cytokines, IL-2, TNF-a, IFN-c IL-4, IL-6 and IL-10; antioxidant defense system enzyme glutathione reductase (GR) and superoxide dismutase (SOD); C reactive protein (CRP) and levels of circulating nucleosomes.
Materials and Methods

Subject Selection
The study was approved by the Institutional Review Board, Bhopal Memorial Hospital and Research Centre, Bhopal (India). The study was classified into three groups i.e. group 1 comprised of patients with chronic HBV (n = 60); group 2 comprised of patients with chronic HCV (n = 60) infections and group 3 comprised of age and gender matched controls (n = 60). The mean age of the subjects included in the study was 35 years. The diagnosis of chronic HBV/HCV infections was based on the sero-positivity of HBV/HCV specific antibodies within the last 6 months. There was no serologic evidence of co-infection with other hepatotropic viruses ( Table 1 ). Other possible causes of hepato-cellular injury, such as alcohol and drugrelated injuries were also excluded. HBV/HCV samples were obtained from Medical and Surgical Gastroenterology Departments. The subjects were included in the study after informed consent was obtained and all clinical information pertaining to them was properly recorded. The controls incorporated in the study were without any clinical history of hepatitis and considered healthy through routine laboratory analysis. 10 ml of blood sample conjugated with EDTA were collected from each patient by routine venipuncture method. The blood obtained was centrifuged at 3000 rpm for 10 min for the separation of the plasma which was used for further investigations.
Reagents
Quantitative estimation of HBV DNA and HCV RNA was performed by using COBAS Amplicor HBV Monitor Test and COBAS Amplicor HCV Monitor Test from Roche Diagnostics, Mannheim, Germany. Activity of SOD and GR, enzymes of anti-oxidant defense system was quantified by using ELISA kits from Trevigen Inc., Gaithersburg, USA. Analysis of secreted levels of inflammatory cytokines was performed using BD TM Multiplex Cytometric Bead Array (CBA) and Human Th1/Th2 kit from BD TM Biosciences, San Diego, USA. Levels of CRP were determined by Quantikine Human CRP Immunoassay kit from R & D Systems., Minneapolis, USA. Cell death detection ELISA (CDDE) was performed by using kit from Roche Applied Science, Mannheim, Germany.
Quantitative Estimation of Viral Load
Quantitative estimation of HBV DNA/HCV RNA was performed as per supplier's instructions. Amplification and detection of the samples as well as the controls were done using COBAS Amplicor Analyzer (Roche Diagnostics, Mannheim, Germany) [13] . ELISA for Estimation of GR Activity GR, a homodimeric flavoprotein disulfide oxidoreductase, plays an indirect but essential role in the prevention of oxidative damage within the cell by helping to maintain appropriate levels of intracellular reduced glutathione (GSH). The total GR activity was measured as per manufacturer's instruction. It is a spectrophotometric analysis in which the oxidation of NADPH to NADP? is monitored by the decrease in absorbance at 340 nm. This rate of decrease in absorbance at 340 nm is directly proportional to the GR activity in the sample. The absorbance kinetics was measured at 340 nm by ELISA reader [14] .
Estimation of SOD Activity by ELISA Superoxide dismutase catalyzes the dismutation of the superoxide radical (O 2 -) into H 2 0 2 and elemental O 2 , and as such, provides an important defense against the toxicity of superoxide radical. Activity of SOD was measured according to supplier's instructions. In this assay, O 2 -ions that were generated from the conversion of xanthine to uric acid and H 2 O 2 by xanthine oxidase (XOD) will convert WST-1 to WST-1 formazan. Superoxide dismutases in turn will reduce superoxide ion concentrations and thereby lowers the rate of WST-1 formazan formation. The extent of reduction in the appearance of WST-1 formazan is a measure of SOD activity present in the experimental sample. The optical density was measured at 450 nm on an ELISA reader [15] .
ELISA for CRP
The assay was performed according to instructions supplied by the manufacturer. It employs a quantitative sandwich-enzyme immunoassay technique in which a monoclonal antibody specific for CRP has been pre-coated onto a microplate. Standards and samples are pipetted into the wells and any CRP present is bound by the immobilized antibody. The optical density was measured at 450 nm by ELISA reader [16] .
Multiplex CBA Assay for Human Th1/Th2 Cytokines Plasma from patients and controls was subjected for the analysis of Th1/Th2 cytokines by determining the levels of cytokines, IL-2, TNF-a, IFN-c, IL-4, IL-6 and IL-10. The assay was performed according to the manufacturer's recommendation. Data acquisition and analysis were carried out on a flow cytometric platform [17] .
Cell Death Detection ELISA Measurement of circulating nucleosomes as the markers of apoptotic cell death was done through CDDE. The assay is based on the quantitative sandwich-enzyme-immunoassayprinciple using mouse monoclonal anti-bodies directed against DNA and histones. The absorbance kinetics was measured at 405 nm by ELISA reader [18] .
Statistical Analysis
Student's t test and Pearson's correlation coefficient (r) was performed for statistical analysis using SPSS software (SPSS Inc. Chicago, IL, USA). The data was of normal distribution with P value less than 0.05 and r value more than 0.5 being considered significant.
Results
Quantitative Estimation of Viral Load
Quantitative detection of HBV DNA and HCV RNA by COBAS Amplicor analyzer displayed viral load which ranged from 7.4 9 10 1 to 5.3 9 10 7 copies/ml in group 1 subjects (chronic HBV patients) and from 1620 to 6.1 9 10 6 copies/ml in group 2 subjects (chronic HCV patients). Neither HBV DNA nor HCV RNA was detected in the subjects of in group 3 (controls).
Correlation of HBV Viral Load with Circulating Biomarkers
Elevated mean level of circulating cytokines in group 1 (chronic HBV patients) in comparison to the controls were observed (Table 2) . Furthermore, a positive correlation of viral load with Th2 cytokines IL-4 (r = 0.589, P \ 0.001) and IL-6 (r = 0.725, P \ 0.001) was also observed Fig. 1 Correlation studies performed between Hepatitis B viral load on y axis (n = 60) with circulating biomarkers on x axis. The results observed a strong correlation of IL-4, IL-6 and GR with increasing viral load in HBV group. a Correlation of viral load of HBV (copies/ ml) with IL-2 (pg/ml), IFN-c (pg/ml), TNF-a (pg/ml), IL-4 (pg/ml), IL-6 (pg/ml), IL-10 (pg/ml). b Correlation of HBV viral load (copies/ ml) with CDDE (AU/ml), CRP (ng/ml), GR (mU/ml), SOD (mU/ml) (Fig. 1a) . The present investigation also observed a raise in the mean values of CDDE and CRP compared to their respective controls. The mean CDDE values were 0.35 ± 0.03 (P \ 0.001) whereas in case of CRP the mean levels were 0.64 ± 0.09 (P \ 0.001) ( Table 3 ). Neither CDDE nor CRP values correlated with the viral loads of group 1 (Fig. 1b) . Additionally, an increase in the levels of GR the enzyme of antioxidant defense system, was also observed in comparison to controls which strongly correlated with the increasing viral load (r = 0.830, P \ 0.001). However, there was no such correlation observed with SOD level. The mean value of GR was 3.29 ± 0.50 while the SOD level was 0.04 ± 0.002 (Table 3 ; Fig. 1b ).
Correlation Between HCV Viral Load and Circulating Biomarkers
In group 2 (chronic HCV patients) the mean level of circulating cytokines were observed to be elevated compared to the controls (Table 2) . A positive correlation of viral load with Th2 cytokines IL-6 (r = 0.799, P \ 0.001) and IL-10 (r = 0.673, P \ 0.001) was observed in HCV group (Fig. 2a) . In addition, the mean CDDE and CRP values were also observed to be raised in comparison to the control group. The mean CDDE values were 0.70 ± 0.05 (P \ 0.001) and the CRP values were 0.97 ± 0.13 (P \ 0.001) ( Table 3) . Both CDDE and CRP values did not show any correlation with the viral load in HCV group (Fig. 2b) . Furthermore, in HCV group an increase in the levels of GR was also observed in HCV group comparison to controls which in turn was positively correlated with the increasing viral load (r = 0.51, P \ 0.001). However, there was no such correlation observed in SOD level. The mean level of GR was 8.44 ± 0.47 (P \ 0.001) and the mean level of SOD was 0.144 ± 0.006 (P \ 0.001) in HCV group compared to their respective controls (Table 3 ; Fig. 2b ).
Discussion
Chronic infection with hepatitis often results in cirrhosis and enhances the probability of developing HCC, with no identified etiologic factors in majority of cases [19] . Since, viral load is considered as a strong predictor the disease progression in chronic hepatitis, identifying the status of circulating biomarkers in correlation to viral load might provide crucial clinical implications in disease management. The present study observed a strong positive correlation of increasing viral load with IL-4, IL-6 and GR in HBV and IL-4, IL-10 and GR in HCV. Successful outcome of the disease requires a strong virus-specific cytotoxic response by removing infected hepatocytes and secreting cytokines that inhibit viral replication. While Th1 cytokines (IL-2, IFN-c, TNF-a) are required for host antiviral immune response and are related with tissue injury, Th2 cytokines (IL-4, IL-6 and IL-10) on the other hand typically regulate humoral immune response and their rising levels are often associated with persistent infections [6] . Cytokines released by one type of Th lymphocyte population can downregulate the functions of another Th population [20] . Earlier studies have reported a significant decreased Th1 and increased Th2 cytokines levels in patients with chronic HBV/HCV [21] [22] [23] [24] . Further shift of Th1 to Th2 responses has been also implicated in the pathogenesis of some infectious diseases, such as HIV infection, mycobacterial and protozoal diseases [25] . Additionally, recent studies have indicated the involvement of Th2 cytokines in attributing towards the risk of developing HCC as serum levels of IL-6 and IL-10 were observed to be frequently elevated in patients with HCC, further serving as complementary tumor markers in these patients [26] . Interestingly, the present investigation observed an increase in the mean levels of circulating cytokines as compared with their controls (Table 2) . A positive correlation between the viral load and Th2 cytokines in both group 1 (chronic HBV patients) and group 2 (chronic HCV patients) was also observed (Figs. 1a, 2a) .
Another important mediator of host immune defense is CRP which is produced predominantly by the liver in proinflammatory conditions [27] . Normal baseline levels of circulating CRP are low, but may increase by 10,000-fold within hours of inflammation [28] . Although the physiological role of CRP is unclear, it is considered as a potential predictive biomarker for several pathological conditions [29] [30] [31] [32] . Recently studies have attempted to correlate the serum levels of CRP with the prognosis of HCC patients and the usefulness of CRP as a tumor marker in HCC patients is debatable [33, 34] . In present study we observed the elevated level of CRP in the chronic patients in comparison to controls but without any correlation with viral loads of both HBV and HCV groups (Table 3; Figs. 1b, 2b) .
Moreover, hepatic tissue homeostasis depends on maintaining the balance between cell proliferation and apoptosis. Disruption of this balance may lead to lethal with IL-2 (pg/ml), IFN-c (pg/ml), TNF-a (pg/ml), IL-4 (pg/ml), IL-6 (pg/ml), IL-10 (pg/ml). b Correlation of HCV viral load (copies/ml) with CDDE (AU/ml), CRP (ng/ml), GR (mU/ml), SOD (mU/ml) consequences including hepatic carcinogenesis [35] . Studies have also indicated that death of liver cells plays a crucial role in the pathogenesis of viral hepatitis as the expression levels of Fas antigen in hepatocytes of patients with HBV or HCV closely correlated with inflammatory activity and the increased cytotoxic response [36] . It is also evident from recent experimental data that increased levels of circulating nucleosomes in various disease conditions are associated with enhanced programmed cell death [37] . Therefore, our investigation focused on the possible relationship between increased levels of circulating nucleosomes as biomarker for apoptosis and pathogenicity of HBV and HCV and in this regard increasing levels of circulating nucleosomes in comparison with controls were observed (Table 3) . However, no correlation with the increasing viral load in both group 1 (chronic HBV patients) and group 2 (chronic HCV patients) was observed (Figs. 1b, 2b ). Hepatocytes are continuously exposed to ROS and are protected from oxidative injury by a range of antioxidant pathways. Previous studies have suggested that oxidative stress induced by increased ROS and/or impairment of antioxidant mechanism is one of the reasons for hepatocellular damage in chronic infections [38] [39] [40] [41] [42] and might be associated with the development of HCC [9] . It has also been suggested that oxidative stress biomarkers could potentially be used as a useful clinical diagnostic tool to predict the duration of survival in patients with HCVassociated HCC [43] . Since patients with greater intrahepatic oxidative stress are associated with increase risk of HCC, the present study looked at the potential role of antioxidant defense system enzymes as a useful clinical diagnostic tool in predicting the duration of disease in patients with chronic hepatitis-associated HCC. In the present investigation the increased levels of the antioxidant defense system enzyme GR was observed which positively correlated with increasing viral load of HBV and HCV. However no such correlation in the SOD activity was observed (Table 3; Figs. 1b, 2b) .
The identification of biomarkers with potential diagnostic or prognostic significance for chronic hepatitis is considered a priority of clinical hepatology. To our knowledge, the study is first among its kind that validates a positive correlation of viral load with IL-4, IL-6, GR in HBV and IL-6, IL-10, GR in HCV infections. Although robust multi-centric studies including large cohorts are required for translating our findings to clinical practice, however, these might be helpful in clinical assessment of high-risk individuals for better disease prognosis and also for designing interventional strategies, towards development of personalized medicare. The results of our study also offer valuable insights of immune signaling mediators engaged in HCC development.
